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1 INTRODUCTION  
River bed excavations have been considered as one of important techniques for increases in flood dis-
charge. However, excessive excavations of river beds cause channel degradations, which result in channel 
incisions and narrowing. The channel incisions and narrowing have made a negative impact on river 
structures in alluvial rivers (Darby et al. (1999)). Therefore, many researchers and engineers have investi-
gated river bed shapes in stable rivers and proposed a lot of regime equations on alluvial stable rivers and 
irrigation channels (e.g. Chow (1964)). However, the equations derived from regime theories were empir-
ical and generally inapplicable. Ikeda et al. (1986) provided a relationship between properties of channel 
shapes and channel-forming discharge on stable alluvial rivers and their experiments of channel widen-
ing, however the derived relations could not account for the properties of various stable rivers where 
channel shapes are formed and adjusted by dynamically change in river beds and banks due to flood 
flows.  
Fukuoka (2012a) indicated dynamic relation equations (Fukuoka’s equations) between a river’s di-
mensionless width, dimensionless depth and dimensionless channel-forming discharge based on proper-
ties of channel shapes in stable alluvial rivers. Moreover, he proposed design method for improvements of 
incised and narrowed rivers by coupling the Fukuoka’s equations and numerical simulations of the flood 
flows and bed variations on gravel bed rivers in the Satsunai River where the channel degradation and in-
cision results from a series of spur dikes and vegetation growing on the flood plains (Fukuoka (2012b)). 
The stable cross-sectional bed profiles provided by his study were almost similar to ship-bottom shaped 
cross-sectional profiles (see Figure 6) which have a continuous bed boundary seen in natural rivers. The 
ship-bottom shaped cross-sectional bed profiles are formed and adjusted by bed variations and bank ero-
sions under the channel-forming discharge. Thus the ship-bottom shaped channels in natural alluvial riv-
ers are almost stable under the channel-forming discharge. Sasaki & Fukuoka et al. (2014) investigated 
the effects of the ship-bottom shaped cross-sectional bed profiles in the Onga River where the ship-
Countermeasures for Preserving Riverine Tidal Flats in a Ship-Bottom 
Shaped Channel of the Lower Ota River Floodway 
T. Gotoh & S. Fukuoka 
Research and Development Initiative, Chuo University, Japan 
A. Ueda 
Otagawa River Office, MLIT, Japan 
ABSTRACT: In the lower Ota River floodway, the cross-sectional profiles have gradually changed to 
ship-bottom shaped cross-sectional bed profiles from compound cross-sectional profiles by bed scouring 
and erosions due to flood flows. In the deformation processes of the river bed profiles, the tidal flats are 
gradually reducing in size due to bed scouring and erosions induced by alternate bar movements. The tid-
al flats in the lower floodway have grown abundant intertidal creatures. It is necessary to preserve the tid-
al flats against bed scouring and erosions. Therefore, first, we evaluated topographic changes in the ship-
bottom shaped channels on the lower floodway in the past about 30 years by developing numerical model 
for flood flows and bed variations. Second, we elucidated the deformation processes of the tidal flats by 
the numerical model developed for flood flows and bed variations. Finally, our numerical model provided 
locations and elevations of ripraps for preserving the tidal flats against bed scouring and erosions by sim-
ulating bed variation and tidal flats deformations within the next about 60 years. 
Keywords: Ship-bottom shaped channel, Tidal flat, Bed variation, Flood flow, Alternate bar, Riprap, BVC 
method, Estuary 
ICHE 2014, Hamburg - Lehfeldt & Kopmann (eds) - © 2014 Bundesanstalt für Wasserbau ISBN 978-3-939230-32-8
417






hand, in Case2, Case3 and Case4, distributions of the dimensionless shear stresses in the main channel 
almost agree with the results of Case1. Figure 14 shows calculated cross-sectional bed profiles after a se-
ries of floods in each case. The calculation results of Case1 expected that elevations of the tidal flats were 
going to decrease due to bed scouring in a series of floods within the next about 60 years, while the cross-
sectional bed profiles were going to keep with the ship-bottom shaped channels. However, the calculation 
results indicated that the installing conditions of the ripraps in Case2 and Case3 were almost able to pre-
serve the tidal flats against river bed scouring and erosions compared with Case1. Neverthless, the in-
stalling conditions of Case4 caused large scale bed scouring and erosions at around -0.2km due to increas-
ing of the dimensionless shear stresses along the ripraps. From these results, we decided to install ripraps 
of locations and elevations of Case3 which was able to protect more extensively tidal flats than Case2. 
This fact shows that the countermeasure provided by this study for preserving the tidal flats can maintain 
the stable tidal flats with keeping the functions of self-adjustments of river bed profiles. 
5 CONCLUSIONS 
The following conclusions were derived in this study. 
1) In the lower Ota River floodway, the cross-sectional bed profiles have gradually changed to ship-
bottom shaped channels from compound channels due to erosions on the riverside and bed variations 
in the main channels. Although the ship-bottom shaped channels of the lower floodway are almost sta-
ble under the channel-forming discharge, the tidal flats along the riverside gradually lower due to al-
ternate bar movements by flood flows. Therefore, it is necessary to preserve the tidal flats against bed 
scouring and erosions by installing ripraps in front of the tidal flats as shown Figure 4.  
2) Our numerical model developed for flood flows and bed variations was able to reproduce and elucidate 
the interactions of alternate bars movements and tidal flats deformations in the past about 30 years in 
the ship-bottom shaped channel of the lower Ota River floodway. Moreover, we estimated topographic 
changes in the tidal flats under the various riverside conditions within the next about 60 years. As a re-
sult, this study indicated that the countermeasure provided for preserving the tidal flats is able to main-
tain stable tidal flats with keeping the functions of self-adjustments of river bed profiles. 
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